INTRODUCTION {#sec1-1}
============

White spot lesions are early signs of demineralization under intact enamel, which may or may not lead to the development of caries. White spot lesions occur when the pathogenic bacteria have breached the enamel layer and organic acids produced by the bacteria have leached out a certain amount of calcium and phosphate ions that may or may not be replaced naturally by the remineralization process. This loss of mineralized layer creates porosities that change the refractive index (RI) of enamel that is usually translucent.\[[@ref1]\] The causes of white spot lesions may include plaque accumulation particularly along the cervical margins of teeth, inadequate home oral care, consumption of diets rich in sugar and/or those that frequently lower the intraoral pH. White spot lesions may also be seen after removal of orthodontic bands and brackets.

The progression of white spot lesions can be slowed or even arrested by non-operative measures that influence etiologic factors such as maintaining oral hygiene and use of remineralizing agents such as topical fluorides and casein phospho peptide-amorphous calcium phosphate. Although lesions can be arrested by these measures they still continue to pose esthetic problems referred to as "enamel scars".\[[@ref2]\] At times they may not be effective and the carious lesions tend to progress. In such conditions, the infiltration of caries lesions with low viscosity light curing resins is considered as a treatment option for non cavitated lesions, which are not expected to arrest or remineralize.\[[@ref3]\]

Caries infiltration is a novel treatment option for white spot lesions and might bridge the gap between non-operative and operative modalities. It is a micro-invasive technology that fills, reinforces and stabilizes demineralized enamel, without drilling or sacrificing healthy tooth structure. It has also been shown to inhibit caries progression in lesions that are too advanced for fluoride therapy.

Caries infiltration involves the use of low-viscosity light curing resins composed of triethylene glycol dimethacrylate (TEGDMA) which completely fills pores within the tooth, replacing lost tooth structure and stopping caries progression.\[[@ref4][@ref5]\] It penetrates into the lesion by capillary forces and creates a diffusion barrier inside the lesion and not only on the lesion surface.\[[@ref6][@ref7]\] The use of 15% hydrochloric acid for etching the surface layer is effective and postulated to be beneficial for a deeper infiltration of the resin into the body of the lesion.\[[@ref8]\] The use of solvents such as ethanol, acetone and water in resin infiltrates show lower surface tension and viscosities compared with materials without solvents. These materials show higher penetration coefficient.\[[@ref9]\] Thus, the success of caries infiltration technique, depends on the efficacy of this low viscosity resin or "caries infiltrant" to penetrate up to the depth of the white spot lesion and not just mask the lesion.

Studies which have assessed the caries infiltrate, have shown that resin infiltration of initial non-cavitated proximal lesions have a good clinical applicability and very high patient acceptance.\[[@ref7][@ref10][@ref11]\] A study by Wiegand *et al.* showed that use of caries infiltrate before application of conventional adhesive does not impair bonding to sound and demineralized enamel and can be used as a pre-treatment in demineralized enamel.\[[@ref3]\] However, a study by Schmidlin *et al.* showed that application of an adhesive, either alone or in combination with the caries infiltrant, is more effective to protect enamel dissolution than application of only the infiltrant.\[[@ref12]\]

Although clinical studies have been done earlier,\[[@ref4][@ref5][@ref6][@ref7][@ref9][@ref10]\] they focused mainly on the clinical success and outcome of the resin. Depth of resin penetration could be a key determining factor for the creation of a diffusion barrier and the success of infiltration. Hence, the aim of the present study was to determine the depth of penetration of a commercially available resin infiltrate.

MATERIALS AND METHODS {#sec1-2}
=====================

The present *in-vitro* study was conducted in the Department of Pedodontics and Preventive Dentistry and Department of Oral Pathology. The study sample consisted of 20 healthy, sound premolars, indicated for orthodontic extraction. The teeth were collected and stored in thymol solution until the study was conducted. On the day of study, the teeth samples were removed from the solution, washed and dried for use. All teeth samples were coated with a nail varnish, leaving a 4 mm × 4 mm window on the buccal surface. A demineralizing solution was prepared (2.2 mM calcium chloride, 2.2 mM monopotassium phosphate, 0.05 mM acetic acid having pH adjusted to 4.4 and 1M potassium hydroxide) and all the samples were immersed in this demineralizing solution for 4 days to create artificial white spot lesions.\[[@ref13]\] After 4 days, the teeth were removed from the solution and the demineralized window of enamel was infiltrated with the low viscosity resin (ICON-DMG, Hambergh, Germany) as per the manufacturer\'s instructions.

Method of application of low viscosity resin (ICON-DMG)™ {#sec2-1}
--------------------------------------------------------

The surface of the artificially created white spot was etched using 15% hydrochloric acid gel (Icon etch™) for 2 min. The gel was stirred from time to time during application with a microbrush. Subsequently, the etching gel was thoroughly washed for 30 s using a water spray. Following etching the lesion was desiccated by applying ethanol (Icon-Dry™) for 30 s and air dried. Low viscosity resin was applied on the lesion surface using a microbrush and was allowed to penetrate for 3 min. The excess material was removed using a cotton roll and the surface was light cured for 40 s (LEDition, Ivoclaire, Vivadent). The application of infiltrant was repeated to minimize enamel porosity.

The samples were immersed in methylene blue dye for 24 h at 37°C and sectioned into two halves along the bucco lingual plane with a diamond disc mounted on a low speed handpiece. All the 40 specimens, which included the mesial and distal halves of all the 20 samples, were then observed under the stereomicroscope at ×80 magnification for determining the depth of penetration of the low viscosity resin. Stereomicroscopic photographs were taken and using Motic software the depth of penetration of infiltrant was measured in microns \[[Figures 1](#F1){ref-type="fig"}\]. The measurements were made on three different locations and the maximum and minimum value was considered.

![Maximum and minimum depth of penetration of caries infiltrant](JCD-17-146-g001){#F1}

RESULTS {#sec1-3}
=======

The mean values obtained for maximum depth of penetration of the caries infiltrant material was 6.06 ± 3.32 μm and for minimum depth of penetration, it was 1.96 ± 1.00 μm \[[Table 1](#T1){ref-type="table"}\].
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DISCUSSION {#sec1-4}
==========

The treatment of white spot or non cavitated lesions should aim to arrest the lesion progression and improve the aesthetics by diminishing the opacity.\[[@ref14][@ref15]\] Caries infiltration acts by arresting the lesion progression by occluding the microporosities that provide diffusion pathways for acids and dissolved minerals.\[[@ref16]\] It is a simple, painless, ultraconservative technique that allows immediate treatment of lesions, not advanced enough for restorative therapy.

Infiltrants used in this technique are light curable resins that are optimized for rapid penetration into the capillary structures of the lesion body. These materials exhibit a very low viscosity, low contact angles to the enamel and high surface tension. These properties are important for complete depth of penetration of the resin infiltrant into the body of the enamel lesions.\[[@ref17]\]

The partially mineralized intact surface layer could hamper the resin from penetrating into the lesion. Hence, this layer was removed by acid etching with 15% hydrochloric acid gel. Application of hydrochloric acid as an etchant has been demonstrated to be superior to 37% phosphoric acid gel in removing the surface layer of natural enamel lesions when applied for 120 s.\[[@ref18]\] The etching procedure removes superficial discolorations and the higher mineralized surface layer, which might hamper resin penetration. Hydrochloric acid in similar concentrations is widely accepted in aesthetic dentistry to remove superficial discolorations using enamel microabrasion. However, contact with soft-tissues may cause ulcerations if used for more than 30 s. Therefore, in clinical application, isolation with a rubber dam is mandatory.\[[@ref8]\]

Sound enamel has a RI of 1.62, while the micro porosities of enamel lesions are filled with either a watery medium (RI: 1.33) or air (RI: 1.0). The difference in refractive indices between the enamel crystals and medium inside the porosities causes light scattering that results in a whitish opaque appearance of these lesions, especially when they are desiccated.\[[@ref1]\]

The principle of masking enamel lesions by resin infiltration is based on changes in light scattering within the lesions. This novel technique involves infiltration of the carious lesions with resin (RI 1.46) that, in contrast to the watery medium, cannot evaporate. Therefore, the difference in refractive indices between porosities and enamel is negligible and lesions appear similar to that of the surrounding sound enamel.\[[@ref15]\] It has a chameleon effect and requires no shade matching. Lesions lose their whitish opaque color and blend reasonably well with the surrounding natural tooth structure. An immediate improvement in the aesthetic appearance is observed.

Since many enamel lesions remain unchanged or progress very slowly over long periods, there is adequate time to assess caries risk and initiate preventive procedures. Furthermore, the percentage of radiographically visible proximal lesions in the outer half of dentin that are cavitated has declined over the past several decades to approximately 41%.\[[@ref19]\] The efficacy of caries infiltration has been shown to be limited when used in cavitated lesions.\[[@ref20]\]

In our study, the infiltrant successfully penetrated into the artificially created white spot lesion and formed a homogenous resin layer. These findings were in accordance with earlier observations which reported that resin mixtures with high TEGDMA concentrations tend to show better inhibition of lesion progression than those with high concentration of bisphenol A glycidyl methacrylate. It was attributed to enhanced ability of the resin to penetrate after application of ethanol.\[[@ref21]\]

The mean values observed in this study are similar to those obtained by Buonocore,\[[@ref22]\] Voss and Charbeneau\[[@ref23]\](5-10 μm) and Pahlavan *et al.*\[[@ref24]\](7 μm) but lower than those reported by Wickwire and Rentz\[[@ref25]\](25 μm) and Arakawa *et al.*\[[@ref26]\](50 μm). These studies were based on indirect decalcification procedures to assess the depth of penetration.

Wetting and penetration of resins might have been impaired as contamination of enamel surface with traces of dust, water and organic substances could not be avoided. A proper decontamination of the lesion may be essential to determine complete resin penetration. In the oral cavity, the enamel lesions are exposed to several contaminants, which tend to reduce the surface energy of enamel.\[[@ref9]\] Other factors such as saliva, pellicle and intraoral pH may also influence the depth of penetration of the infiltrate.

Lesser filler loading contributes to low viscosity and enables better penetrability.\[[@ref27]\] The low viscosity of the infiltrant, enables it to be applied even on tooth surfaces which are difficult to access, such as, interproximal surfaces. Recently, it was shown that caries infiltration reduced lesion progression of non-cavitated interproximal caries lesions extending radiographically into the inner half of enamel up to the outer third of dentin.\[[@ref28]\] Microinvasive technology can be an advantage in the pediatric population. The use of caries infiltration limits the use of dental drill, thus improving patient acceptance to treatment. It also avoids periodic recall of the patient compared with fluoride application as it is a single sitting procedure. This new technology allows for specific therapy of early carious lesions without the need to prepare cavities, thus protecting and fully preserving the hard tissue surrounding the lesion. Furthermore, it is virtually painless as it requires no anesthesia and the treatment duration is predictable, thus positively affect the compliance of young patients.

Caries infiltration can also be used as an adjunctive therapeutic measure for white spot lesions in adolescents and adults following fixed orthodontic therapy and in the absence of good oral hygiene.\[[@ref29]\]

CONCLUSION {#sec1-5}
==========

The maximum depth of penetration of the resin material was 6.06 ± 3.32 μm. Caries infiltration can be used as a painless and effective option for treating white spot lesions.
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